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Reply to Nott: Assessing biases in speleothem
records of flood events
In our reconstruction of extreme rainfall
events from the Australian tropics (1), we
relied on a method still in its infancy: link-
ing accumulations of sediment trapped
within stalagmites to discrete cave flooding
events. This sedimentological approach
(2, 3) represents an important complement
to speleothem-based isotopic methods (4, 5)
that expand our understanding of prehistoric
tropical cyclone activity.
In his Letter to the Editor (6), Nott notes

that identifying mud layers represents a
somewhat subjective component of this anal-
ysis. In particular, differentiation between
thin mud layers and stains on stalagmite car-
bonate not associated with sediment accu-
mulations is a possible source of error. As
we discuss in our report (1) and the associated
Supporting Information, recognizing flood-
derived sediment layers in our stalagmites
was complicated by this issue, as well as
other factors, including biases associated
with preservation of sediment on stalag-
mite caps and the location of the cuts used
to bisect the stalagmites.
To provide the most robust and indepen-

dent determination possible for identifying
flood events, we relied on (i) replication of
coeval sections of different stalagmites and
(ii) calibration with historical records of ex-
treme rainfall with a stalagmite formed over
the same time period (A.D. 1908–1986). As
Nott notes (6), we observed little difference in
the temporal trends of extreme rainfall activity
over the last two millennia, whether or not we
interpreted these stains as cave flooding events.

In addition, we restricted our mud layer
analysis to aragonite stalagmites (which com-
prise the late Holocene portion of the KNI-51
record) because they are faster growing
(∼1 mm/y) than calcite stalagmites and
much more suitable for 230Th dating tech-
niques. Relative to most other studies, the
accurate dates well constrained by small
errors and the exceptionally high growth
rates of KNI-51 stalagmites make this suite
of samples unique.
With that said, high-resolution analysis via

techniques such as fluorescence, as suggested
by Nott (6), may provide new insight into the
nature of flood activity in the aragonite speleo-
thems of KNI-51. As Nott notes, abundances of
fluorescent compounds such as organic acids
would likely be exceptionally diluted in flood
waters associated with extreme rainfall events.
This would particularly be the case in areas
such as the uplands of the eastern Kimberley,
which are characterized by thin soils with little
organic carbon content, and thus flood waters
may contain a different fluorescent signature
than traditionally infiltrated fluids.
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Identification of mud flood layers
within stalagmites
Denniston et al. (1) provide an important
contribution to the prehistoric record of rain-
fall and tropical cyclones (TCs) in northwest
Australia. The authors identify mud layers
within limestone stalagmites as evidence of
cave flood events and associate these with
the passage of TCs. There is little doubt that
the prominent thicker layers of mud, some of
which occur on the flanks of the stalagmites,
were deposited during cave flood events.
The methodology used to identify the other
reported thinner (<0.5 mm) mud layers,
however, is not clearly articulated. Nor is it
clear if an objective methodology was used to
identify flood layers that may be only several
tens of microns thick.
Other studies of flood-deposited mud

layers within stalagmites use fluorescence
microscopy to identify these features (2, 3),
as many of these layers can be very thin
(<100 μ). One of these studies (2) used a
series of epi-fluorescence photomicrographs
of the stalagmite surface, which registered a
distinct reduction in fluorescence at the site
of a mud layer because of the lack of humic
acids within these clays. Humic acids are
often incorporated into a layer deposited by
drip waters as these waters have percolated
through soil above the cave. Floodwaters
have reduced amounts of humic acids
and fluorescence microscopy can be used
to objectively differentiate clays deposited

by floodwaters as opposed to those incor-
porated within cave drip water.
Denniston et al. (1) report numerous mud

layers between <0.5 mm and >1 mm thick.
Whereas the relatively thick mud layers
(>0.5 mm) will be obvious, there could be
many other mud layers that are much thinner.
In their study, stains (Type 0) that did not ap-
pear to contain appreciable mud were recog-
nized and not included in the flood record.
However, it is possible that there were also
many mud layers that would not have been
visible without detailed fluorescence micros-
copy. Many mud layers identified in other
studies (2, 3), for example, were between 10
and 200 μ thick and were layered within an-
nual calcite couplets. Such mud layers, which
were included in these flood records, would
be difficult to identify without the fluores-
cence microscopy techniques. Even though
Denniston et al. (1) did compare their Type
0 stains with the mud layer record and found
no appreciable change in flood behavior over
time, it would have been interesting to exam-
ine the flood record in their stalagmites using
the epi-fluoresecence photomicrograph tech-
nique, as many more flood layers may have
been identified.
Denniston et al. (1) suggest their flood and

TC record supports the view that the medi-
eval period (9th to 15th centuries) was dom-
inated by enhanced La Niña-like conditions

across the equatorial South Pacific. Other
studies (4, 5) have suggested the opposite,
with this period dominated by enhanced El
Niño-like conditions. Flood and TC records,
such as that presented by Denniston et al. (1),
are crucial to help resolve this issue. Using
fluorescence microscopy to identify thinner,
less obvious flood layers may have revealed a
different pattern of floods and TCs.
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